Abstract-with the proliferation of power electronics devices used for industrial, commercial and residential purposes have led to the deterioration of supply current and voltage wave forms, and this caused power quality problems within the supply system. Traditional passive filter was the earliest solution for mitigating harmonics produced by non-linear loads, but passive filter have the disadvantages of series and parallel resonances with the supply source impedance and it's heavy in size. Due to these problems in passive filter, it applications becomes very limited. With the introduction of shunt active power filter, harmonics mitigations of the current and voltage distortion wave forms can therefore be suppressed. In this paper, the modeling and simulation of single-phase shunt active power filter controlled with fuzzy logic controller using MATLAB SIMULINK fuzzy inference system (FIS), as against many literatures that used MATLAB fuzzy tool box environment is proposed. A modified three-phase to one-phase synchronous reference frame for the extraction of the harmonics was introduced in this paper. The control algorithm for the proposed shunt active power filter has shown its feasibility in suppressing harmonics produced by non-linear loads. Results of the total harmonic distortion (THD %) for the simulations found to be within the recommended imposed IEEE 519-1992 harmonic standard.
INTRODUCTION
With the frequent use of power electronics converters, such as adjustable speed drives, arc furnace, half and full bridge rectifiers, fluorescent lamps, uninterrupted power supplies etc, which are all non-linear loads in nature. The supply current and voltage becomes distorted due to the nonlinearity of these loads. With extensive used of the nonlinear loads, the power quality of the supply system becomes deteriorated which adversely affect the supply system performances. The present of the non-linear loads caused serious harmful effects to the supply source that leads to excessive heating of cables, constant tripping of breakers, noise, interference to nearby communicating facilities, or even total failure to the entire system. The solution to this power quality is the traditional passive filter, which can only suppressed selected harmonics, and also caused series and parallel resonance with the supply impedance. However, traditional passive filter requires higher rating capacity in order to suppress all the harmonics produced by non-linear loads [1] . A superior to passive filter which is the dynamic and viable solution to mitigate the current and compensate the reactive power produced by non-linear loads is the shunt active power filter which is more versatile than passive filter, and can mitigate almost all the higher order harmonics. Most of mitigation of harmonics by many researchers in literatures employed the used of fuzzy logic tool box environment, as against the modeling of the entire fuzzy inference system (FIS) in SIMULINK environment which is proposed in this paper. As in [2] , the authors used fuzzy tool box for two inputs variables error (e) and its derivative ( e), with one output variable. In reference [3] , they also applied fuzzy tool box environment for their fuzzy controller. In this proposed paper, a fuzzy logic controller modeled in MATLAB SIMULINK environment for the entire fuzzy inference system (FIS) was developed. A synchronous reference frame algorithm for extraction of harmonics reference current which is applicable for three-phase system was modified to work with single-phase system, with only onephase selected to extract the reference current harmonic. The proposed SRF and FLC algorithms have demonstrated their robustness in mitigating the current and voltage harmonics drawn by the non-linear loads. However, by compensating current harmonics the power factor of the supply system was improved.
SHUNT ACTIVE POWER FILTER TOPOLOGY AND ITS PRINCIPLE OF OPERATION
The basic topology configuration of single-phase shunt active power filter is depicted in Fig. 1 below [3] , the proposed active power filter comprises of two main parts, the power unit and control unit. The power unit comprises of four number IGBTs semiconductor switching device in PWM VSI configuration mode, filter inductor connected in series with the switching devices for smoothing the ripples by the filter, and the DC link capacitor intend to maintain and regulate the DC voltage, which also served as a storage device. The second part of the filter is the most important part, which is the controller that served as the controller of the active power filter. With the load current being the reference generating current to the active filter, while fuzzy logic controller was used in the simulation as current controller intends to control the current harmonics and compensate reactive power drawn by non-linear loads. Both the control algorithm and the filter are connected in parallel to the main single-phase AC supply source at the point of common coupling. However a full bridge diode rectifier (the harmonic source to the filter) was also connected from the point of common coupling (PCC). Separate combinations of RL or RC loads are connected in series or parallel to the bridge rectifier respectively. Shunt active power filter operate on the principle of current compensation which controlled to draw/supply compensating current from/to the supply utilities (PCC). This current compensation, allows the active filter to cancelled and compensate reactive power drawn by nonlinear loads. In this paper, three-phase synchronous reference frame under balanced condition was modeled in MATLAB for the reference current harmonics generation to the filter. But only one-phase was selected to achieve the desired reference current. In synchronous reference frame, the distorted currents due to non-linear loads are transformed from a-b-c stationary reference frame to its d-q reference frame [4] . Fig. 2 shows the synchronous reference frame for the extraction of the harmonic signal [5] . Equation 1 shows the complete modeling of the active and reactive components of currents. 
V. SIMULINK MODEL OF THE INPUTS AND OUTPUT MEMBERSHIP FUNCTIONS
The five linguistic variables for both error (e) and its derivative ( e) based on triangular membership functions are modeled in Simulink environment as against normal modeling of fuzzy inference system editor found in many literatures. Fig. 4 and Fig. 5 below depict the two inputs error and its derivative. Triangular membership functions were selected in the design because of its simplicity in implementation. 
VII. SIMULATION RESULTS
The simulation model of the single-phase shunt active power filter was performed in MATLAB/SIMULINK ENVIRONMENT soft ware with the characterized parameters used in the simulation model as: V S =230V peak, Frequency=50HZ, L S =10e-3H, R S =7 , C L =200e-6F, R L =30 , R F =5 , L F =5e-3H, C dc =500e-6F and V dc =500V. From the simulation results, it can be seen that the current harmonics due to the non-linear load was 31.5% and reduced to 2.79% with shunt active power filter. For the corresponding load and source voltages before and after applying the shunt active power filter were found to be 18.77% and 0% respectively. These results indicate that, the proposed algorithm has shown its effectiveness in mitigating harmonics current and voltage, as well as improving the P.F of the supply system. The simulation was performed in MATLAB/SIMULINK ENVIRONMENT. Total harmonic distortion for the load current and source current with and without shunt active power filter obtained to be 31.50% and 2.79% respectively. However, the corresponding total harmonic distortion for the load voltage and source voltage found to be 18.77% and 0% respectively. This shows that, the source voltage and source current are in phase to each other. Fuzzy logic controller have shown its capability in mitigating harmonic current and voltage produced by non-linear loads, as well as compensating the reactive power of the system. The 978-1-4799-3238-2/13/$31.00 ©2013 IEEE results obtained for the THD% seem to be within the required IEEE 519-1992 harmonic standard limit.
